A previous publication presented normative data on neuropsychological tests stratified by age, gender, and education based on the Original Cohort of the Framingham Heart Study. Many contemporary investigations include subject samples with higher levels of education, a factor known to affect cognitive performance. Secular change in education prompted the reexamination of norms in the children of the Original Cohort. The study population consisted of 853 men and 988 women from the Offspring Study, free of clinical neurological disease, who underwent a neuropsychological examination, which included tests given to their parents in 1974 to 1976 as well as additional newer tests to provide a more comprehensive battery. The Offspring population overall was more evenly distributed by gender and better educated. Their performance on cognitive tests was superior to that of the Original Cohort. Multivariable analyses revealed that more years of education explained only a part of the cohort differences. These findings suggest that continued surveillance of each generation is necessary to document the impact that unique social and economic variables have on cognitive function. Here, the authors provide updated normative data.
Aging is a continuous process involving well-documented changes in cognitive functioning. In addition to age, factors shown to influence cognitive performance include education and gender (Wiederholt et al., 1993; Farmer, Kittner, Rae, Bartko, & Regier, 1995; Manly et al., 1999; Cagney & Lauderdale, 2002) . Elias, Elias, D'Agostino, Silbershatz, and Wolf (1997) published norms for commonly used neuropsychological tests stratified by age, gender, and education for the populationbased Framingham Original cohort. These data came from assessments done between 1974 and 1976 and the normative tables remain useful for evaluating subjects from this generation. However, their utility for a more contemporary sample involving persons with higher education is limited.
Higher education has been shown repeatedly to be positively correlated with cognitive test performance (Birren & Morrison, 1961; Cagney & Lauderdale, 2002; Christensen et al., 1997; Reitan and Wolfson, 1995.) Today far greater percentages of the population possess a high school diploma, and many more go on to complete college than in previous generations. Hence, norms derived from older subjects, who have had less formal education (e.g., Elias et al., 1997) , may underestimate normal ranges of performance for those who are younger and more educated.
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The need for new normative data is further underscored by current research on early detection of Alzheimer's disease. These studies deal with the challenge of distinguishing cognitive decline associated with normal aging from deficit performance indicative of prodromal dementia. Motivating these studies is the premise that treatment options for attenuating the rate of progression are seen to be most promising in the initial states of the disease (Doraiswamy, Steffens, Pitchumoni, & Tabrizi, 1999; Gauthier, 1999.) Most recent efforts to define mild cognitive impairment (MCI), presumed to be the earliest stages of Alzheimer's disease rely, in part, on cognitive measures that fall 1.5 standard deviations below age and education adjusted means on one or more tests (Petersen et al., 1999; 2001) Thus, identification of early-onset dementia is dependent on normative data that reflects contemporary levels of education, lifestyles, recent personal habits, and health education and utilization trends.
The Framingham Study is unique for its extensive surveillance of two community-based cohorts. The Framingham Offspring population is comprised of the progeny of the Original cohort and their spouses. The educational level of this progeny group differs significantly from that of their parents, portending distinctive patterns of cognitive performance.
In addition to the primary goal of providing normative data for a current generation of individuals, the purpose of this study was to test the hypothesis that increased levels of educational attainment in the Offspring Cohort would be related to better performance on neuropsychological tests as compared to the Original Cohort. Expected results motivate the need for updated descriptive-normative data on tests of cognition for a new generation of normal aging individuals who more accurately reflect the impact of secular changes in education on cognition. The potential value of these data will be to facilitate investigations of normal aging and disease populations that rely on subjects also drawn from this era. Further, these data will provide normative information that is necessary to the definition of various indices of cognitive deficits, including MCI.
METHODS

Subjects
The Offspring Cohort, recruited in 1971, has undergone seven periodic physical and medical examinations over a 30-year period to identify risk factors for cardiovascular and cerebrovascular diseases (Garrison, Kannel, Stokes, & Castelli, 1987 As part of a large ancillary study on brain magnetic resonance imaging (MRI) and cognitive functioning, Offspring were recruited to take a neuropsychological test (NP) battery. From March 1999 through December 2000, 2187 subjects agreed to undergo neuropsychological testing, of which 1889 also had an MRI. We limited our sample to these 1889 subjects because MR imaging provided data necessary to identify subjects with preexisting neurological disorders. We eliminated 47 subjects who had a clinical stroke (n ¼ 28), diagnoses of probable dementia (n ¼ 2), multiple sclerosis (n ¼ 6), or other neurological illnesses (n ¼ 11). We determined if a clinical stroke or probable dementia was present through a consensus review process described in detail in Sacco, Wolf, Kannel, and McNamara (1982) and Bachman et al., (1992) , respectively. We excluded one subject who lacked educational attainment information. After all exclusions, our total study size was 1841; 853 men and 988 women.
Comparison of the study sample (MRI þ NP) to subjects who took the neuropsychological examination and did not have an MRI (NP-only) found that the NP-only group was older (62.1 years versus 60.6 years for MRI þ NP, p < .002.), had higher prevalence of disease (% with hypertension, p < .01; % myocardial infaraction, p < .02; % cardiovascular disease [CVD] Gaudino, Geisler, and Squires (1995) and Giovagnoli et al., (1996) .
Finger tapping test. Frequently used as a measure of motor speed, the Finger Tapping Test allows assessment of laterality effects in motor function. Shimoyama, Ninchoji, and Uemura (1990) found finger tapping in the dominant and nondominant fingers to be sensitive to normal aging effects. Ruff and Parker (1993) report gender effects as well. In the neurologic population, the Finger Tapping Test is an effective measure for detecting motor dysfunction (Arceneaux, Kirkendall, Hill, Dean, & Anderson, 1997.) Hooper visual organization test. As a measure of visuoperceptual skills, the Hooper Visual Organization Test (VOT) is the standard neuropsychological test, validated by numerous studies (Boyd, 1981; Gerson, 1974) . Lezak (1983) noted that this test is a good tool for detecting right frontal lesions that often result in perceptual fragmentation.
Wide range achievement test-3, reading. The slope of the decline in cognitive performance is one factor that differentiates normal aging from the early and middle stages of dementia. Determining the degree and rate of decline depends on accurate estimates of premorbid intelligence. Reading words accurately is one validated measure of premorbid intelligence (Filley and Cullum, 1997; Schmand, et al. 1998) . It is one of the most widely used methods because reading words is also one of the few skills preserved at the moderate-to-severe stages of AD (Bushell and Martin, 1997; Fleishman et al., 1997; Monti et al., 1997) . The Wide Range Achievement 338 R. Au et al.
Test-3 (WRAT-3) reading subtest is often used as an appropriate ''hold'' test (Johnstone & Wilhelm, 1996) .
Procedure
Subjects were administered a neuropsychological test battery as part of a larger study establishing baseline measures of brain structure and cognition in the Offspring Cohort. Standard test administration protocols were used for each test and given by trained examiners. Table 1 provides a list of the ranges of scores for each test. In general, increased scores reflect higher performance. The exception is the timed measures of Trails A and B, where lower scores indicate better performance. 
Statistical Analysis
In the first phase of our analysis, we compared the Offspring Cohort to the Original Cohort with respect to age, gender, and education. Of primary interest was the difference in educational levels between groups because of the well-documented impact of education on neuropsychological test performance. Organizing the Offspring Cohort into the same educational groups the Elias et al., study (1997) used in the analysis of the Original Cohort, we conducted a chi-square test to evaluate cohort difference in educational attainment.
In the next phase of the analysis, we replicated the analyses done by Elias et al., (1997) , examining the effects of age, educational level, and gender on the battery of cognitive function tests considered in the Offspring Study. We assessed the proportion of variance (e.g, R 2 ) explained by age, educational level, and gender using multiple regression analysis.
Finally, normative tables follow that describe the distributional properties of each measure for specific age and educational groups in men and women; we present the mean, standard deviation, the first (25%) and third (75%) quartile scores, and the 5th percentiles scores. The quartile scores reflect performance scores at the 25th and 75th percentiles, respectively, within an age, education, and gender group. Similarly, the 5th percentile scores represent performance for the lowest 5% for specific age, education, and gender categories.
RESULTS
Descriptive Comparison of Original Versus Offspring Cohorts
Age, gender, and education distributions were different in the Offspring Cohort as compared the Original Cohort. At the time of their neuropsychological evaluations, the Offspring were younger than their parents (60.6 years [SD 9.4] versus 67.4 years [SD 7.5], respectively, p ¼ .0001.) The gender distribution in the Original Cohort was skewed toward women (58.6%) as compared to men (41.4%). Within the Offspring Cohort, although women still outnumbered men, the difference was smaller (i.e., 53.2% versus 46.8%, respectively, p ¼ .0007.)
As seen in Table 2 , there has been an upward shift in education attained among Offspring as compared to the Original Cohort. In fact, of the 64.1% of Offspring who went beyond high school, 38.4% had a college degree or higher. The educational levels of the Offspring were significantly different from those of the Original Cohort (p < .0001). In the Original Cohort, 21.7% of subjects reported education of less than 9 years and 16.8% had 9 to 11 years of education. In the Offspring,
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few subjects fell into these low-education categories. Table 3 depicts the age and education distributions by gender for the Offspring Cohort.
Multiple Regression Analysis of Offspring Data
Unlike findings reported in Elias et al., (1997) , we found no significant interactions between age, gender, and education on cognitive function. When we examined the proportion of variance accounted for by age and education, we found similar patterns for all test measures that were Table 4 ). The one exception was for Logical Memory-Retained Information. In analysis of the Original Cohort, education was significant, whereas in this analysis of the Offspring Cohort, we found that education did not explain a statistically significant amount of variance (R 2 ¼ .003, p ¼ .0671). Table 5 shows the proportion of variance accounted for by age, education, and gender for each test measured in the Offspring Cohort. With the exception of the Logical Memory-Retained Information and Visual Reproduction measures, age and education each had a small but significant impact on test performance. Only age was significant for Logical Memories-Retained Information. Age and education did account for a significant amount of variance for Visual Reproductions, but gender did not.
Comparison of Original and Offspring Test Performance
Using multiple regression analysis, we compared performance on the subset of neuropsychological tests that were given to both cohorts. Our initial model included cohort (i.e., Original and Offspring), age, gender, and education. As shown in Table 6a , the initial model and its components were significant for all tests ( p < .0001.) Offspring test performance was significantly better than the Original Cohort for all measures after adjustment for age, gender, and educational level. Education was the most significant covariate and the model explained > 40% of the difference in test performance between the Offspring and Original Cohorts. Although these statistical adjustments affected mean performance, comparison with unadjusted means indicates these variables do not fully explain the differences between the two cohorts (see Table 6b ).
To address residual error we added to this model (1) occupation, (2) two-way interactions of gender and education and gender and occupation, and (3) the three-way interaction of gender, education, and occupation. Neither occupation nor the interactions significantly increased the R 2 (Table 6c) . Age, Education, and Gender Norms
We report below new performance data based on our Offspring Cohort. The tables include measures that were reported in our earlier study and additional newer measures. Table 7 contains the number of subjects, means, standard deviations, upper and lower quartiles, and 5th percentile scores for each measure stratified by specific age group, educational level, and gender.
DISCUSSION
The demographics profile for the Framingham Offspring Cohort was different from that of the Original Cohort. In the Offspring, the age range included a younger age cohort. The Offspring population were more evenly distributed by gender, and were better educated. The association between cognitive performance in the Offspring, with respect to age, education, and gender appeared remarkably similar to that reported in the Original Cohort by Elias et al., (1997) . Increased age was associated with lower performance; higher education with better performance.
The Elias et al., (1997) study of the Original Cohort reported one significant three-way interaction; that is, the oldest men in the lowest education group scored significantly lower compared to all other groups. We did not find any significant three-way interaction effects in the Offspring. Our inability to replicate this finding, however, does not necessarily reflect a conflict in findings with our earlier study. Rather, we were unable to conduct a comparable analysis in this age=education group with the Offspring Cohort because we only had two subjects who fit the lowest educational category used in our Original Cohort study. The uniqueness of the Framingham Study is its use of a community-based sample, and in this case, our Offspring Cohort, when compared to our Original Cohort, represents the secular changes in educational attainment. Level of educational attainment is known to be positively correlated with performance on cognitive tests, and our results on the amount of variance explained by education provide additional confirmation of this phenomenon (see Table 5 ). Thus it follows that as the education level of a population rises, average scores on cognitive measures also increase.
Increased years of educational attainment, however, does not fully account for higher test performance. Our multivariable analysis comparing the Offspring and Original Cohorts revealed that Offspring test performance was consistently higher than that of the Original Cohort. Although as expected, age and education were statistically significant, they did not fully explain the difference in performance between cohorts. One possible explanation is that the education obtained by the Offspring is qualitatively different from that of their parents. It may be that qualitative changes in academic instruction as well as enhanced educational opportunities provided by television, radio, the internet, and other sources are not captured by years of education. Higher economic status in the Offspring Cohort coupled with significant advances in public health and medical care may be two of a number of factors that are altering the impact of the aging process on cognitive functioning. Both of these societal developments lead to better nutrition, healthier lifestyles, use of preventive medical services, and advanced treatments for illnesses, which, in turn, attenuate the aging process depicted by the Original Cohort's generation. Although we have no direct evidence that this was the case in the present study, it is reasonable to speculate that these factors, in addition to education, influenced our findings. Although the Framingham Original Cohort and the Offspring Cohort studies provide a rich source of information on cardiovascular risk factors, it is difficult to compare the cohorts with respect to health status because a higher proportion of individuals displaying cardiovascular risk may well represent better detection methods rather than an increase in disease prevalence. Thus, we considered an evaluation of the role of health factors in the differences between the Original and the Offspring Cohorts beyond the scope of this study.
Although a fully definitive explanation is not possible, our finding that the Offspring Cohort performed significantly better on cognitive tests than their parents supports our contention that new norms are needed based on data from contemporary samples. The inability to control for factors associated with generational changes is further highlighted by the limitations associated with cross-sectional methodology. It is well-accepted that differences in age cohorts may be exaggerated or an incidental finding linked to factors unique to each age group.
Although this Offspring Study updates results from the Original Cohort, it too must be considered in light of its own limitations. Education continues to be a significant factor associated with cognitive performance, and we recognize that the lower education range is underrepresented in our population. Also, our subjects may be somewhat more health conscious than average because of their family's long-term involvement with the Framingham Study. Finally, we do not provide data that reflects the multiethnicity of the general population.
Despite these limitations, our study provides important insight into age-cohort differences in neuropsychological test performance. The immediate impact of our Offspring Study is to provide new information suggesting that normative data obtained from previous generations may not be representative of the postdepression generation. The long-term implication of our research is that if these trends continue, data reported in this study may be less applicable to generations subsequent to our Offspring Cohort. It is clear that we must continue surveillance of each generation, documenting the impact that unique educational, social, and economic variables have on their cognitive function. It is our hope that our normative data, based on a large community-based sample, will encourage other investigators to publish contemporary normative data that will be useful in constructing indices of cognitive deficit, including the various definitions of MCI now reported in the literature.
